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SILVER CHT.ORIDE. PflPTrg ^ 
Background of t-h» Invention 

S partial "r^ im ; eriti0n relates '^ particles having a \ 
partxal or complete silver chloride outer layer as wel l 
as to methods for their use and manufacture " 

nr . : TyPi?ally ' ^^er: chloride is produced by 
precxpxtation from an aqueous solution of silver „ it „ 
by addition of chloride ion in the form 111 
10 acid or a suitah^ a „ , • *" ° f ^rochloric 

or suitable alkali metal halide salt such as 

sodium or potassium chloride. Wh en so produced the' 
sxlver chloride Dreci D ir a h B c • sauced, the 

e Precipitates as irregularly-shaped 
crystals of non-uniform size a^.- 

wii'i i.ize. Additionally qin-. ..t 

precipitation is usually quantitative ,W ' 
15 M ni,u . quantitative, the resulting 

»«h no free s.lver »t al present . The £inal . 

rea^ 0 ^ 1 ^""^ ^^„ g order of . . 

reagent addxtxon, concentration chWV^ 
->n ^„->„^ • cnxonde ion source 

-action temperature. aec:u „ g ORd ■ 

size generally varies. both an(J ^ 

precipitated silver chloride batches. 

25 e, r „ Trad ^ ionall >'- Silver chloride has been utilized 
25 e lt her as a mixture with silver powder or i„ UClll * ed ' 
«th a silver layer. I.* 

»° blood glucose levels. storing of 

- 

Summary of the Tnvpn^v^ . 

In general, the invention f eatllroo 
include cores (for- « Matures particles that 

cores (for example, silver, nickel ™- 
Plastic cores) having silver chlor H ! ° r9aniC 
35 their external surfaLs Z ^tantiaHy about 

ces - ln these particles a f i 

^ uues » at least 5% 
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by weight, (preferably, 5-30%, and, more preferably, 20%) 
of the particle is the core material, and this core 
material is not silver chloride. In addition, these 
particles ar6 substantially nori-planar in shape, and they 
5 have substantially rounded edges . The invention also 
features inks and electrodes (for example, reference 
electrodes) consisting essentially of such silver 
chloride particles, as well a's compositions of matter 
consisting essentially of these particles in which the 
0 particles are substantially uniform in size. Unlike 
precipitation methods, in which particle size is 
determined by reaction conditions, the size of the 
particles of the present invention is predetermined by 
the size of the initial particulate starting material. 
.5 In preferred embodiments of the above aspects, the 

silver chloride covers part or all of . the surface, of the 
particle, the silver chloride particle is spherical, and 
the silver chloride particles are of small size (for 
example, less than 50 pm or even less than 4 0 ^m in 
20 diameter), and are preferably capable of passing through 
a 400 mesh sieve screen. The opening in the screen is 
nominally 37 /*m, such that the particle size range 
includes all particles . with diameters less than 37 /im. 
This means that the particles may range in size from 
25 approximately 0.001 jim to approximately 37 /an (for 

example, between 1-10 fin*)'. However, the mean particle 
size of the particles, within the fraction passing 
through a 400 mesh screen, will be near that of the 
particle size range of the initial silver particle from 
30 which the silver chloride particle is produced. 

Particles according to the invention exhibit 
increased elect roreactivity and decreased light 
sensitivity relative to precipitated silver chloride * 
When' used in an ink formulation (for example, for 
35 electrode production) , the silver chloride particle 
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concentration is preferably between 5-40% a „n 

i^i ^ Ut / and more 

preferably approximately 20%, of the final ink 
formulation. 

The invention also features a method of makina 
S particles that include non-silver chlorid, cores ( fo r - 
example, silver, nickel, or organic plastic cores, h • 
silver chloride substantially about the extern!? 9 

thereof. This method involves heteJT SUrfaces 
a11 olves het erogeneous oxidation of 

all or a part of the outer. ,il„r portion of a silver "r 
10 salver-coated particulate starting naterial (for £Zu 
a si ver-coated metal such as silver . coated aU J^.- 
treatment „th a chloride-containing oxidi 2 i„ g 
such as aqueous sodium hypochlorite, other suitable 
oxidizing agents include, without limitatl™. 
IS solutions of c^ t^ j£%Z>-^"*: 
ehloramine T, or Pyridinium chlbroehromate. Preferably 
the silver or silver-coated particle being oxid^zea " 
between !- 10 „„ (and. more preferably, between Ta , • 

20 sod,™ hypochlorite is preferably used at a concentration 
of approximately 5-20% (more preferably, a0%) in wac , r 

materia, ^ Sil '"-°>«*o article starting ' 

mate rla l may be ln the f ^ ^ 

Par acularly if a wet powder is need, the method 
« preferably also includes treating the silver chloride 

Wd" , tl>e ° Xida " 0n «- ««• (for example. 

HI ' USed *' • of approximately «, 

to reprove handling and mixing characteristics. The 
silaca coats the particles ami aids in preventing ■ 
aggre gatlon tw ^ ^ 

eLTtr" 1 , 1 "- 3 " iCa 13 of a size 

equal t„ or less than the diameter of the particulate 

startang material, and is preferably less than 37 „m and 
d^ameter. A preferred silica is Cabosil, buc other f„„. d 
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silicas or silica gels or molecular sieves may be 
utilized. The oxidizing step may also be carried out, if 
desired, in the presence of a surfactant . 

In a final aspect, the invention features a silver 
5 chloride particle produced by the above method of 

oxidizing all or. part of the outer, silver portion of a 
silver particle or silver-coated particle by treatment 
with a chloride-containing oxidizing compound, preferably 
sodium hypochlorite. 

* ,* ■ * 

10 ... As used herein, by the term "sphearical* is meant 

roughly globe- like in shape. 

By the term "substantially about the external 
surface (s) thereof" is meant that at least 50%, 
preferably at least 60%, and more preferably at least 75% 

15 of a particle core is covered with silver chloride. 

By the term ^substantially uniform* is meant that 
at least 50%, preferably at least 75%, and more 
preferably at least 80-95% of the particles in the 
composition oif matter are of a size ranging from 

20 approximately 1-37 /xm, and preferably 7-10 ^m in 
diameter. 

By the term "pseudo -ref erence electrode" rs meant 
an electrode which carries a current and serves as a 
combined counter and reference electrode. The pseudo- 
25 reference electrode replaces two of the electrodes of a 
typical three electrode cell. Thus, a three electrode 
cell i is reduced to two electrodes while maintaining the 
advantages of a three electrode system. This greatly 
simplifies the manufacture of high volume, disposable 

- 

30 biosensors. 

By the term "electroreactivity" is meant the 
ability of an electrode to hold a substantially constant 
reducing voltage. As . used herein, the term encompasses, 
without limitation, the ability of a pseudo-reference 

35 electrode to hold a constant reducing voltage between 200 



WO 98/03431 

*CT/US97/J2371 

* * * * 

- 5 - 

and 800 mv vs. MHB, at current .loads ranging from 
approximately 1 to 200 pA. 

By the term -precipitated silver chloride- is 
meant the silver chloride material obtained upon 
. 5 precipitation of an. appropriate silver ion-containing * 
compound «« example, silver nitrate, by reaction „i th 
an appropriate chioride ion containing solution 
example, hydrochloric acid or an aqueous solution " a 

10 chlor'dT SUCh " ~ dtU " CM ° rlde « Potassium : 
10 chlorrde,. Precipitated silver chloride- contains- „o 
free salver metal, has p^nar surfaces, and may be 
non-uniform in size. . 

. ■ By a "chloride-containing oxidizing compound- is ' 

meant a composition that includes chlorine as part but 
not all, of its elemental make-up. This term ' 
specifically excludes chlorine gas. 

exhibit ^ SilVSr Chl0?ide i5artiCl6S bribed herein 

of precipitated silver chloride. Pirst, the particle^ 
20 the invention are of substantially uniform size and 

geometry, m addition, they exhibit an unusually large 
surface area, essentially lacking the planar surfaces 
characteristic of the precipitated material . These 

25 ^ M enti " ly n ° Vel and — ful 

material exhibiting improved electrical properties and 
greatly reduced light sensitivity in comparison with 
tradatxonal silver chloride precipitates. Accordingly, 
the particles of the invention may be utilized for any 

30 anT Se T WhiCh SilVer Chl ° ride is currently utilized, 
and are of particular use in the production of improved 
reference electrodes. 

win h ° ther featUre " advanc ^es of the invention 

wrlVbe apparent from the description of the preferred 
embodiments thereof, and from the claims 
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Brief Description of the Drawings 
Fig. 1 is a photograph of a dry silver powder 
starting material, as Visualized by Scanning Electron 
Microscopy (SEM) . 

5 Fig. 2 is a photograph of silver chloride 

particles produced from the hypochlorite .oxidation of 
silver powder, as visualized by SBM. As shown, these 
silver chloride particles generally range from 2-15 jim in 
diameter. 

10 Fig. 3 is a photograph of silver chloride 

particles produced from the hypochlorite oxidation of 
silver powder, as visualized by SEM at a higher 
magnification. 

Fig. 4 is a photograph of precipitated silver 

* ■ . 

15 chloride particles, also as visualized by SEM. As shown, 

. ■ 

precipitated silver chloride particles are quite 

■ ■ 

nonuniform in size and generally range from 5-100 /im in 
diameter. 

- 

Fig. 5 is a schematic, representation of a 
20 preferred silver chloride particle, indicating the 

. quantity arid location of the silver and silver chloride 
components. 

Fig. 6 is an alternative schematic representation 
of a silver chloride particle, indicating the relative 
25 quantity and location of silver, silver (I) oxide, and 
silver chloride components. 

Fig. 7 is a flow diagram of a large scale 
production method for silver chloride particles. 

Fig. 8 is a photograph of a silver-coated nickel 
30 starting material, as visualized by SEM. 

Fig. 9 is an SEM of silver chloride particles 
produced from the hypochlorite oxidation of silver-coated 
nickel spheres. 
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■ 

chl ./ ig " 10 13 a hi9her -gnification SEM of silver 
chloride particles produced from the hypochlorite 

oxidatxon of silver-coated nickel spheres 

Fig. 11 is a yet higher magnification SEM of 
salver chloride particles of Fig . 10 . _ The ^ ° f 



. - — * i«. me 

underlying material is most likely nickel. 

• Fig. 12 is a schematic representation of a ail 
chloride particle, indicating the quantity and 
of the nickel and silver chloride c^mponelts 

:/ 19 ' 13 iS a hematic representation of a silver 
chloride particle reference electrode. 

Fig. 14 is a schematic representation of a 
commercial embodiment of an electrode sensor strip that 
IS - We particle reference elec^e/ 

e *n • ' n " 9 SChematic presentation of an 

experimental set-up for the chronopotentiometric analysis 
of pseudo- reference electrodes. YS1S 

Fig, 16 is a graph illustrating the 
chronopotentiometric behavior of a printed reference 
20 electrode containing silver chloride particles at a 
concentration of 20* of the printing ink formulation. 
The results shown represent triplicate runs. 

Fig. 17 is a graph illustrating the 

25 e C le r ctror enti0metriC °* * "ference 

electrode containing silver chloride particles at a 
concentration of. 10% of the m-Wi™ 
~k , ■ . Printing ank formulation 

The results shown represent triplicate runs. 
Fig. 18 is a graph- illustrating the 

30 e ?!T P ^ tenti0metriC ^ haVi ° r ° f 3 Printed reference 
30 electrode containing silver chloride particles at a 

~T° n ° f " ° f PriDtin9 formulation. The 
results shown represent triplicate runs. 

Fig. is is a graph illustrating the 

chronopotentiometric behavior of precipitated silver 
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chloride at a concentration of 10% and over the course of 
three -100 pA scans. 

Fig. 20 is a graph illustrating the 
chronopptentiometric behavior of silver chloride 
5 particles at a concentration of i0% and over .the course 
of three -100 /iA scans. 

Fig. 21 is a graph illustrating the 
chronopotentiometric behavior of precipitated silver 
chloride before light exposure. 
10 Fig. 22 is a graph illustrating the 

■ 

chronopptentiometric behavior of precipitated silver 

chloride after UV light exposure. The results shown 

represent triplicate runs. 

Fig r 23 is a graph illustrating the 
15 chronopotentiometric behavior of silver chloride 

particles before light exposure. 

Fig. 24 is a graph illustrating the 

chronopotentiometric behavior of silver chloride 
, particles following UV light exposure. 
20 Pig. 25 is a graph illustrating the 

chronopotentiometric behavior of silver chloride 

particles produced from silver-coated nickel before light 

exposure. 

Fig. 26 is a graph illustrating the 
25 chronopotentiometric behavior of silver chloride 

particles produced from silver-cPated nickel following UV 

■ 

light exposure. 

Description of the Preferr ed Embodiments. 
To overcome the problems of non-reproducible 
30 particle size and limited surface area previously 

associated with precipitated silver chloride particles, a 

♦ 

novel production method involving oxidation of 
substantially uniform silver or silver-coated particles, 
preferably with aqueous sodium hypochlorite, has been 
35 developed and is described below. This method results in 
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the synthesis of similarly novel silver chloride 
particles, each consisting of a non- silver chlo*.,* 

(for example, a metal core) essential^ * ^ 

lauor „, ... ■ ' essentially surrounded by a 

layer pf srlver chloride. In the partlcles> so pioA JJ- 

particulate starting Mterial m ot «» 

™xntai„ed, resulting in cha produccion g[ ^ 
whrch ar e relatively ^i^ in sile ^.J^ 1 -' 1 " 
substantially lack planar surfaces and sharp edges. 

» ' - 

EXAMPL.R i 

P reparation and an-.ly-^of Sil^r rfe j^j,^ 

To produce one type of silver chloride particle 

15 1 ?" 9 CO inVe ""° n ' ^ s »"=r PO»der wl used \s 
15 the starting Serial, Thi S powder contained particles 
«th a sxre range D f 1-3 , m ^ ,, m ^ ^VotT.' 
- /9. As visually by scanning electron Poroscopy \„ 
exemplary sa„pl a of dry silver powder starting material 
is shown in Figure 1. material 

20 . ..• In ° ne Preferred method of silver chloride 

H^S) r dUCt f^' 1089 U m ° le) ° f SiIVer ^at 
# 11405) obtaxned from the Aesar Division of 

aohnson-Matthey Corp. (Ward Hill, MA,-) was slurried in a 2 
^ later beaker wxth 1 l iter of deioni zed water containinc, 
25 approximately 0.1% of a mrr^ staining 
430 (3M '* o . » surfactant such as FC-170C or PC 

430 {3M, St. Paul, MN) . with stirrina ar a h 
of 2Ro r t- k -» • , a "rrmg, at a temperature 

25 c, this salver slurry was added, at a rate of 
apprcpcxmately 200 mL/minute, to : a vigorously stirred 

3 0 " ° f ^ ° f 10% S ° dium hypochlorite solution 

3 0 dissolved in 500 ml of ^ " on 

surfacta^ 11 dexonxzed water containing 0.1% 

surfa C t ant . The concentration of hypohalite in the 

reaction, the surface silver metal was converted to 
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silver chloride according to the following reaction 
scheme: . 

. • • . • ■ ■ • . • 

Ag° + ;OCl 0 .5 Ag 2 0 + CT + e 

(1) - 

* '*••.* ■ > . ■ ■ 

5 6.5 Ag 2 0 + CI* AgCl + 0.5 CM 

(2) '. 

Ag° + 0C1 - AgCl + 0.5 0,1 + e (overall reaction) 
(3) 

.' ■ 

10 The presence of surfaqtant facilitated uniform wetting of 
the silver particles and discouraged formation of silver 
chloride, aggregates. . 

Following stirring of the mixture for 1 hour at 
room temperature, the product was collected by vacuum 

15 filtration and thoroughly washed, first with deioni zed 
water and then with a final wash of isoprbpyl alcohol . 
The material was then dried for 2 hours in a vacuum oven 
{30" Hg, 1 torr) at 60°C. From 108g of silver powder, 
approximately 120g of a chocolate brown, free flowing 

20 powder was obtained. The results of 10 pilot runs are 

summarized below in table 1 . These data indicate that/ on 
average, >90% of the silver chloride particles passed 
through a 400 mesh, stainless steel screen. 
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To further analyze the silver chloride product, 
the particulate material produced above was subjected to 

the standard techniques of scanning electron microscopy, 

. - . • - • 

proton induced x-ray emission (PIXE) , and electrochemical 

5 analysis (chrbnopotentiometry) . As shown in Figures 2 

and 3, the SEM revealed relatively uniform particles. In 

comparison * an SEM of a commercial source (d. Frederick 

■ •"•**■• • * ■ 

Smith, c&t # 703) of silver chloride, produced by 

precipitation from silver nitrate, exhibited an 

10 irregular, planar structure with sharp edges, and wide 

particle size differences (Figure A) . 

The elemental make-up of the brown powder product 

was then determined by PIXE analysis. The results of 

this analysis are summarized in Table 2. 
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As shown above, the material was found to consist 
of approximately 75%, by weight, silver chloride with the 
remainder being silver metal. Only trace quantities of 
other elements were found to be included (most likely as 
5 trace impurities from the original starting material). 

Precipitated silver chloride ranges in color from 
white to light pink to purple. Depending on the amount 
of light exposure/ the pink or purple color purportedly 
is dtie to the. accumulation of finely divided silver metal 
10 from the solid state photoreduction of silver chloride. 

according to: 

. - • ■ 

AgCl + hv - Ag° + 0.5 Cl 2 t 

• (4)' . ' 

, ... 

The brown color of the material obtained in the 
15 above process was unexpected. This color may be the 
result of traces of silver (I ) oxide (Ag 2 0) within the 
silver chloride layer, resulting from the light 
catalyzed, solid state oxidation of silver chloride, a 
heretofore undescribed reaction, according to: 

■ • » 

20 2AgCl (s) + 0.5 0 2 + hv -* Ag 2 0(s) + Cl 2 t 
(5) 

- 

Alternatively, the brown color may be due to unreacted 
silver (I) oxide resulting from the oxidation of silver: 

* * 
- 

Ag" + 0Cl aq - 0.5 Ag,0 + Ci' aq + e 
25 (1) 

Silver (I) oxide is known to be brown in color. 
If silver (I) oxide is present, it very likely lies either 
in a discrete band between the silver metal and silver 
chloride layers or is interspersed within the surface of 



10 



15 
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the silver chloride layer. Although l ittle or 
was detected by PXXE analysis, this result is noT ^ 
necessarily determinative of oxygen content L 
PIXE technique is not *^*JL£^'£?? ^ 
weights below 22. cements of molecular 

The elemental analvsic? a-**-^ • 

chloride, as sho»n in pigur? ^ ^ ° 
- eiectroche^cai die. Bursts a 

^ 99Mt in . structure consist^" 1 

discrete layers of .netal/aetal oxide/metal ^ 
produced hythis method. withB , t "* 
Particular theory,, equations 1 and 2 „L 
there >ay he rapid for»ation of *L> ^ 
oxidation of silver metal . The A !o>f "ypohaiite 
liberated chloride ion i„ a ra f T 

produde a layer of Jlver 1 I «». to » 

7 . A Sllve ^ chloride. onrp t->^ • *" 

chloride layer reaches a certain thicks • 

* can no longer diffuse i„ to the oxide layer there 1' 
•o- *g s O remains trapped beneath J" . ^«ef„re 

chloride and produces the bro*n colo^on " 

saturated snlnUnn ow addition of a 

acea solution of potassium chloride As fhe 
chloride, solution began to diffuse J h 
the silver (I )oxid. aitIuse ov « the surface of 

liver (I Joxade , the surface turned brown. 

EXAMPT.R 7 

Preparation of l^r chloride_Partici es 

Drori ^ altern «ive silver chloride particle 

production technique, 6.5 kg of wet Or,* 
powder ,R o ^ ^ (20% wate r) silver 

powder (5.2 xg dry weight) was obtained from 



30 
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Johnson-Mat they, Orchard Rd., Roy a tori, Herts., UK. this 
powder also had a particle size range of 1-3 /xm and was 
designated cap 9, batch 08501B. Using the procedure 
described above, this silver powder was converted to 6.2 
5 kg of brown, silver chloride particles representing a 90% 
yield. 

Following drying, this product failed to readily 
pass through even a 100 mesh screen. The reason for this 
was not entirely clear; however, it likely resulted from 

io the very small particle size of th^ wet silver powder as 
compared to the dry silver powder. The resulting silver 
chloride also consisted of very small particles that 
tended to form larger aggregates upon sieving. 

To alleviate this problem, 1-4% by weight of fumed 

is silica (Aldrich #35,126-8; 0.007 /xm, Aldrich, Milwaukee, 
HI.) was blended with the dried silver chloride particles 
in a high speed mill (Tekmar, Scientific Products, McGaw 
Park, ID . When this material was sieved, 90% of the 
powder passed through a 4 00 mesh screen. In a less 

20 preferable alternative technique, the silver chloride 
product may be subjected to mechanical blending or ball 
milling in the absence or presence of fumed silica. 

Although the quoted particle sizes for the dry and 
wet silver powders used herein are the same, small 

25 particles, such as these, are usually measured as 
suspensions in water. Specifications are set on wet 
particle size. In contrast, if the particles are dried, 
they tend to form aggregates and, when re wet ted, the mean 
particle size may be different. This may account for the 
30 difference observed above in the sieving behavior of the 
dry versus the wet materials. 
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E XAMPLr t 

Plow b.iacmm for ^ T 

^ A flow diagram for a contemplated lar«« , 
Production of silver chloride particle^l rf 
-Sure 7 , As , hown , . %po« M Lit^^ C ? d in 
average chlorine content of 15% is f^ st c"! 
water to produce a solution of loV s 1 l ' 
a -0 liter vacuum transfer flasT TT^^^" 
dry or wet silver powder is added with . * ^ 

to water and approximately o W s 2f\ ' 
PC 170 C or PC 430) . Th is y silveVsTu r a r: a r; 
xnto a 200 liter Pfaudier vessel and ! PUmP6d 

-irring, to the 10* sodium C^^^ ^ ^^ 
descrihed ahove as well as -A^^.^? 1 ? 
concentration of o.i%) T h* • ! lnal 

er ' and the product dried. 

•' ■ ■ ■ • 

EXAMPLE 4 . 

Prepara tion nf silver rm^ \ 

~ ^"SSgLfldoradft Pa rticles Using . , 

Silver- Co* t-,>rf NjcjceJ sta^ ^9-^ 

T _ " : : CJ carting M a «- or1l i 

nvpocMorite c~ t * tri^'l iCh 3 

was added i 00 g of silver . . ! re3Ctl0n ."^xture of 2%) 

y sl -tver-coated nickel o~v> 
moles Ag per 100a ^ u nicJcel spheres (0.139 

^ > uu 9/ 325 mesh, cat a 1170-1 T u 
^ they, 30 Bond St Wa^ u-ii ? * 3 ' Joim *on 

■ c "' Ward Hill, MA 01835) Thn -3 

»ae sprinted into t)M reaction • ™* P°»der 

"-15 »inucea. ^ „ ixture I™"" .°»« * Period of 

« «'C. and the product waa Collected '"^ " ' 
«ltr« ion . waah.d thoroughly!^", VaCUU,n 
~ -ith iaopropyl alcohol ^e ^Z^""*"* - 
sucked dry and further dried for tw K 

vacuum oven (1 t o rr) . h ° UrS " 60 ° C "a 
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From lOOg of silver-coated nickel spheres was 
obtained 103g (98% based on a conversion of 100% to AgCl) 

* ■ ■ * ■ 

of a dark gray, free flowing powder which did not/require 
sieving or treatment with fumed silica . 
5 In Figures 9-11 are shown SEMs of the silver 

chloride particles obtained by the above hypochlorite 
oxidation procedure. PIXB analysis indicated that all of 
the silver was converted to silver chloride. As depicted 

* * * . 

in figure 12, the resulting spherical particles consisted 
10 of 80% Ni, by weight, and 20% AgCl. 

EXAMPLE 5 

.. - 

Ink Preparation and Construction of a Commercial 

Glucose Biosensor 

■ ■ 

To produce a silver/silver chloride ink suitable 
15 for screen printing a reference electrode, the silver 

chloride particles produced in Example 1 were added (20% 
by weight) to a commercially available silver ink (Agmet, 
ESL Laboratories, King of Prussia, PA). Due to the 
fineness of these particles, 4 0% loading in the silver 
20 ink produced a very thick, unprintable ink. At 20% 

loading, the ink was printable and exhibited performance 
levels equivalent to a 40% loading of precipitated silver 
chloride. To test the electroreactive properties of this 
ink as a reference electrode, carbon electrodes were 
25 printed on either side of the silver/silver chloride 

reference electrode, and a dielectric was printed around 

• - . ■ 

the perimeter of the electrodes to define a xeproducible 
area for electrochemical studies. 

This set-up. is illustrated in Figure 13 (top view) 
30 and Figure 14 {exploded view) , and constitutes a 

commercial embodiment of the reference electrode in a 

■ * 

glucose biosensor. In this exemplary electrode sensor 
strip, the electrode support 1 , typically an elongated 
strip of plastic material, e.g. , PVC, polycarbonate, or 
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Polyester, supports three printed track* o£ „, 
conducting carbon ink a . The3e printers ° T" * 
, Positions ,. or the reference or coun e r et™ ^ 
sa of the working and.du^ electrodes. a^oT^ ^ 

' eleCtriCaI 3 are inserted i« c L 

appropriate »easure„e„t device ,„ot shown) 

The elongated portions of the conduct!™ , ,. : 

track 6a. 6b (with the enlarged exposed ar ^ 
... foxing the reference eiectrode, . TnT'/LT'f" 9 
overlaid with a iaver of hydrophobic . eie'trtauT ' 
insulating material 7 rh=- V c< -«-racaily 
• , leaV6S ex Posed only the 

positions of the reference/counter electrode th 
and the dummy electrodes, and the working 

circuits and to physically define ^r^W^^ 
electrode area. Because this iW^- ^ ^ •"■^ 

hydrophobic it alcn ^sulatmg material is 

eUL electrodes *° ^ 

- avTilaTlI unde" tr d" " is 
"d Broadsf Rename POLYPI^st from Seri col 

tQ -' "roadstairs, Kent, UK. 

The electrodes 8, 8a, formed of a mixture of * 
S£ a r diat0r ' ^ * — -e mate~ h e 

- ^iT™ii y a :t a mixture ° f a m — — a 

uve material without enzvmp j 
8a) arp artn1 - enzyme (the dummy electrode 

' ' applied to the positions t: e. * 

a b, printing, as ^'^^ 

length. Alternatively, electrode n • rfi * e d 
en7mo eieccrode 8, instead of an 

enzyme, can contain a substrate catal^. ^ 
30 W1 > h e catalytically reactive 

with an enzyme to be detected iw , 
in a preferred emhoH," The conductive materia! 

prererred embodiment comprises particular „=, v. 
having adsorbed thereon the mediator For » 
printing ink is f orm( , H For P"ntmg, a 

3 anx is formed as an aqueous solution of r-H~ 

conductor and adsorbed mediator, which for ^ 
>s electrode, also includes the . * Wbrkin 9 

dGS the en W or, in an alternative 
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embodiment , a substrate. When the analyte to be tested 

is glucose in blood, preferably the enzyme is glucose 

oxidase and the mediator is a ferrocene derivative. 

■ • * * * . • ■ . ■ 

The reference electrode 6b is situated relative to 

s the working and dummy electrodes 8, 8a such that it is in 

a non-ideal position for efficient electrochemical 

function, i.e., the electrodes are arranged not to 

* 

minimize the effect of the resistance of the solution on 
the overall resistance of the circuit as is conventional, 
io but so that solution resistance is maximized to the 
extent possible while still being abler to generate a 
current response with the measurement device used. To 
increase solution resistance, the reference electrode is 
spaced as far as possible from the working electrode 
is within the constraints of the maximum solution resistance 
which will still allow a current response to be generated 
while minimizing the sample volume that must be used (the 
electrodes cannot be spaced so far apart that they cannot 
both be covered by the sample) . Conversely, ideally the 
20 sample path length will be kept as short as possible, so 
that the sample volume required is minimized, but its 
maximum length can be as great as the length of the strip 
that can accommodate it, limited, however, by the 
resulting increase in solution resistance, to a distance 
25 which allows the current response to be generated. The 
solution resistance is also influenced by the length of 
the edge to edge cross-sectional area between the 
reference electrode and the working and dummy electrodes. 
Minimizing this length, by positioning the reference 
30 electrode downstream of the working electrode rather than 
positioning the electrodes contiguously, as is 
conventional, increases the solution resistance. 
Positioning the electrodes in this matter has the further 
benefit of preventing completion, of a circuit (and thus 



10 
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detection of a respond) before the „orkin„ 
been completely covered by sample. Strode has 

The electrode area is then overlairt k « 
grade surfactant coated ^ , whicTse t ? 
t»e printed counts ^ „J£ prot °« 
sample to, wet the reference IZ Z^iTT *" "* 
red U ci„ g th e surface tension of ^ sail 
ellowin 9 it to spread evenly o^* —^^^ 

preferred chis ^ layer Mrt ~" 0d *- • 

»bole le^th of the sanple path, between aS T ^ 
the application point and the electr^ i " C * ulii »9 
this teS h „m be constructed or fiS' P ~ f erab!y 
-rands, but any woven or ^-IT^T ^ 
Provided it does not occlude the sur"ce "f th " ? ^ 
» such that „n», diffusional processes L K " l " C "° de 
The thicks of -the mesh is l^Z' ™^™™: ' 
«*>le depth provided by this .ash is suf ic, 
to produce a high solution resistant SU " 1 " ent *>' 

preferred that the fabric V GeBera11 '- it is 

u tne raoric be not mor*» ->~ 

20 thickness. Prefer^, ° 70 " m in 

Preferably the mesh has a percent onon 
of from about 40 to 45%, a mesh count of ^ ~ 

Per cm, a fiber Qf to 4 0 

thickness of from about 40 to 60 , m A 
preferred mesh is NY64 hc m „ 0 H Particularly 
(formerly ZBP, ca 'U p mailable from Sef ar 

y ZBF) ch-8803. Ruschlikon. Switzerland 

ccted it Z° k nSCeSSary that ^e mesh be surfactant 

nature £ 11,31:61:131 ltSelf is ^ophobic in 

nature (for example, nylon or polyester) . if a 



25 



hydrophilic mesh were used the * " 

30 be omitted. W suILm * SUrfactant ^ting could 

^7 suitable surf act-ant- w 

the mesh so long as it all Xt ****™ L . 1m * be "^ed to coat 

Ij y as it allows adeauarp ■ 
the sample. X oref,^ * equate even spreading of 

nuoroche^cal ^SS^ST^ 
Minnesota, which is a solution of a fi V 
* -ethylene adduce. lo „er po^^^":. 
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dioxane, and water. A preferred surfactant loading for 
most applications is from about 15-20 /ig/mg of mesh. The 
preferred surfactant loading may vary depending on the 
type of mesh and surfactant used and the sample to be 
5 analyzed, but can be determined empirically by observing 
flow of the sample through the mesh with different levels 
of surfactant. 

_ * * 

A second layer of coarser surfactant coated mesh 
10 is applied over the first mesh. This second mesh 
10 layer controls the influx of the sample as it travels 

from the application point toward the reference and 

■ ■ ■ * * • * - . . 

working electrode areas by providing, a space into which 

the displaced air within the sample transfer path can 

move as the sample moves preferentially along the lower 

is fine grade mesh lay ex 9 and partially in mesh layer 10. 
The spacing of the larger f ibers of the secondary mesh 
layer, perpendicular to the direction of flow of the 
sample, further helps to control the flow of the sample 
by presenting repeated physical barriers to the movement 

20 of the sample as it travels through the transfer path. 
The regular pattern of the mesh fibers ensures that the 
sample progresses in stages and that only samples with 
sufficient volume to generate an accurate response are 
able to pass all the way along the pathway and reach the 

25 reference electrode. 

It is preferred that mesh 10 be of a woven 
construction, so that it presents a regular repeating 
pattern of mesh fibers both perpendicular to and parallel 
to the longest aspect of the strip: Generally the second 

3b mesh layer should be substantially thicker than the first 
mesh, with larger diameter mesh fibers and larger 
apertures between them. The larger mesh preferably has a 
thickness of from 100 to 1000 /im, with a thickness of 
from 100 to 150 being most preferred. A preferred 

35 mesh has a percent open area of about 50 to 55%, a mesh 
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count of from about 45 to 55 per cm, and 4 f iber diameter . 
of from about 55 to 65 ,m. A preferred mesh is msi £ 
mesh, also available from Sefar, CH-8803, Rushchlikon 
Swxtzerland. ' 

Mesh 10 is also provided with a coating of a 
suitable surfactant (unless the mesh itself is 
hydxophilic, , preferably the same surfactant as that on , 
the first mesh layer. The loading of surfactant i s \" er 
on mesh 10 than on mesh 9, providing a further barrier to 
10 m ° Vement ° f ^- Past the transverse fibers of mesh 10 
In general, a loading of l-io ^g/mg of mesh is preferred' 
The mesh layers 9 and 10 are held in place by a ' 
layer of hydrophobic electrically insulating ink li 
This layer is preferably applied by screen printing ' the 

" ° Ver 3 P ° rti0n ° f the Peripheries of the meshes which 

surround and define a suitable sample transfer path i 2 
for the sample to travel from the application point at 
the furthest end of the strip towards the working and 
reference electrodes, the ink impregnating the mesh 
2 o outside of path 12. The insulating Serial thus defines 
sample transfer path 12 by not allowing sample to 
infiltrate the area of mesh covered by the layers of 
insulating material, the insulating- material impregnating ■ 
the mesh outside of path 12. A preferred insulating ink 

rs is available from 

sSx^; Ltd " Br ° adStairS - Keht ' m ' ^e tradename - 

SERICARD. 

Finally, the upper part of the electrode is 
enclosed by a liquid/vapOr impermeable cover membrane 13 

3.0 (typically a flexible tape made of polyester or similar 
material) which includes a small aperture 14 to allow 
access of the applied sample to the underlying surfactant 
coated mesh layers. This impermeable membrane serves 
to enclose the exposed working and reference electrodes 

35 and thus maintain the available sample space over the 
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electrodes at a fixed maximum height equivalent to the 
thickness of both mesh layers, ensuring that the solution 
resistance is kept at a high level. Any sample thickness 

. * ■ 

* ~ " * 

up to the maximum depth of the two mesh layers has been 
5 found to be adequate in this respect. Aperture 14 is 

positioned overlying the furthest end of the open mesh 

area* remote from the reference electrode 6b, such that 
. the exposed area of mesh beneath the aperture can be used 

as a point of access or application for the liquid sample 
lo to be measured. This aperture can be of any suitable 

size large enough to allow sufficient volume of sample to 

- 

pass through to the mesh layers, but should not be so 
large as to expose any of the working/reference electrode 
area. The aperture is formed in the tape layer by any 
is suitable method, e.g., die punching. The tape layer iis 
affixed to the strip along a specific section, not 
including the working/reference electrodes, the sample 
transfer path or application area, using a suitable 

method of adhesion . Preferably this is achieved by 

, . . . ■ . 

20 coating the underside of a polyester tape with a layer of 
hot melt glue which is then heat welded to the electrode 
surface. The hot melt glue layer is typically of a 
coating weight between 10-50 g/m 2 ; preferably from 20 to 
30 g/m 2 . Pressure sensitive glues or other equivalent 

25 methods of adhesion may also be used. 

The upper surface of the tape layer can also be 
usefully provided with a layer of silicone or other 
hydrophobic coating which helps to drive the applied 
sample onto the portion of exposed surfactant coated mesh 

30 at the application point and thus make the application of 
small volumes of sample much simpler. 

Accordingly, in use, a sensor strip of the 
invention is connected, via electrode contacts 3, to' a 
measuring device (not. shown). Then a sample is applied 

35 to aperture 14, and moves along the sample transfer path 
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io' t o1iWtr B bei " 9 > U££i ^-^ .WW-.*. layer 

than £1 " ■ fOT ' 3 U " i£or ™ f ™"= ™ther 

than flowing non-uniformly. Air is displaced thj u 

the upper portion o£ _ h layer „ to a ^^» 

aperture 14 tk« ^ • mrougn 



aperture 14 . The sample first covers working electron 
xn x t3 entirety, and only then approaches J 5 
reference electrode 4, completing the circuit and • ■ 

e response to he detected by the ^asuring^. ™ 

- 

" ■ - ' 

EXAMPLE 
ChronoporentiomefT-i,. * nn1 .-r 
Chronopotentiometric studies were carried out 
us.ng silver chloride particle -containing biosenl as 
in Fxgures 13 and 14. A constant reducing current 
applied to the reference electrode using ■ t £l " * 
- electrode ell (BG&G Instruments Corp., Mode i 263A ' 
Prxnceton, „, . and the ch in V " 

^ to reduction of siI ver ion, was followed . ^ ^al 

loading S ^e Sp e C L y ° % ' ^ ^ ~- . 

areata ^ Clvei y- At concentrations of 10% or 

neater. ther* was enough silver chloride to readilv 
carry a 100 „A load at constant voltage. ' 

in Figures 19 and 20 are shown a second set of 

25 chr onopotentiogra,ns for reference electron! 

either a in* 1 Ce electrodes containing 

(FWe , 1? ? ° f PreCi P itated "iver chloride 

(Figure 19, or a 10% loading of silver chloride particles 
accordang to the invention (Figure 20, Earh P artlcles 
electrode was subjected to three reference 

precapatated silver chlpride (Figure 19) ^ ^ 
mv Qbift- - 3. 1 figure 19) showed a -1200 

mv sn ^ft # lndicatinq thai- »ii =», -1 ' 

9 tnac all available silver chloric 
was reduced ^-.t, er cniqride 

reduced to sxlver metal . m contrast, even after 
third scan t-ho en a£ ter the 

sc an , the reference electrode prepared from the 

- 
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silver chloride particles (Figure 20) retained a 
substantial quantity of electroreactive silver chloiride. 

Without being bound to a particular theory,, it is 
. likely that the reason for this difference in 
5 electroreactivity is due to the small, relatively uniform 
particle size and large surface area of the silver 
chloride particles. In general, the arhount of silver 
chloride available for reduction in such a system is a 
function of silver chloride surface area, which in turn 

10 is dependent on the loading and the particle geometry. 
Accordingly, the smaller particles of the invention 
likely yield higher concentrations of electroreactive 
silver chloride than larger; planar particles (such as 
precipitated, silver chloride) ,; and this may account for 

is the difference in electroreactivity observed above. 

EXAMPLE 7 

* . 

Analysis of Photochemical Activity 
A well known property of traditional silver/silver >, 
chloride reference electrodes is their light sensitivity. 

♦ 

20 Light may reduce the silver ion in silver chloride to 
produce silver metal or may oxidize it to produce silver 

oxide> arid these changes in morphology can drastically 

- 

affect the potential of a reference electrode. 

- - - . 

To test the light sensitivity of the reference 
25 electrodes described herein, inks containing either 

precipitated silver chloride or silver chloride particles 
produced from silver or silver-coated nickel cores were 
exposed to 254 nm light for 2 minutes. The exposed 
electrodes were then subjected to chronopptentiometry as 
30 described above, and the results are illustrated in 
Figures 21-26. 

As shown in Figures 21 and 22, the reference 

electrode containing precipitated silver chloride 

•» 

exhibited profound changes in response to light exposure 
35 (Fig. 22) in comparison with an unexposed electrode (Fig. 
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" trance" PartiCUlar ' the ^onopotentiometric peak 
transition time for the reduction of precipitated 
chloride was shifted approximately 22 sLoL T " ^ 
exposure to UV light TIn seconds upon 

s Figures 23 and 24 the , Une ^ e ^edly, as shown 
a and 24 the reference electrode contain • 

salver chloride particles having silver cores s l ^ 
a nunor light -indued shift, of about 3 second! * 
chronopotentiometric transition time . ' : the 

Without being bound to a particular 

She e« rtW eWorld. trials ls due ^1 "L " 
xn parties 9 eo,»try. Precipitated silver ' 
coneys of cubic, relatives ^ 0 ^*., 
type of geometry presents „ lar9e , ' "»= 

" ^»«<=»i- « incident ii 9 „t In ? \ 

their; «a si2e and relatlv J^^g to 

geometry, the silver chJ r of\T 

present a relatively small surf see «ea ^"ion 

incident light , . P " te " Uo,lar '» 

because laght exooqnro -i. 

of oxygen) causes the format ion ^T^ P^sence . 

surface of silver chL silver (i> oxide on the 

reaction- ^ *» th « Allowing 



^gci + 0.5 o, + „„ _ Ag , 0 + Clj f 



5 am ° Unt of Ag,0 formed, at a constant exposure t'" 

directly promrri rt no ^ , exposure tame, is 

surface aL a T ? """"^ ° f the P la *« 

Silver uTLf Chl ° ride incident «*e light. - 

electrode T ^ * thermod ^cally defined 
electrode potential of: 

Ag,0 + H,0 + 2e . 2Ag o + 2 - OH fio _ 

(6) ~ • * mv vs. NHE. 
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while silver chloride has an electrode potential defined 
by: 

. . - 

AgCl + e •-* Ag° +. Cl: E°= 222.3 mv Vs. NHE 

17) 

• m 

* 

5 As can be seen, the reduction potential for 

* . • - 

silver (I) oxide is 114.4 mv more positive than for silver 

. ■ - 

chloride, resulting in silver (I) oxide being more readily 
reduced than silver chloride. 

In the chronopotentiometric experiment described 

10 above, therefore, photo- formed silver (I) oxide would be 
reduced prior to a transition to silver chloride 
reduction. And, since silver chloride is so light 
sensitive, virtually. any exposure to. light would result 
in the formation of trace quantities of Ag 2 0. Looking . 

15 again to Figures 21 and 23, the sharp initial peak at 
time 0 is due to the immediate reduction of trace 
quantities of Ag 2 0. As shown in Figures 22 and. 24, longer 
light exposure creates more Ag 2 0, thereby increasing the 
reduction time further and shifting the peak transition 

20 to even longer times. 

These same experiments were carried out with the 

- • 

silver chloride particles produced from silver- coated 
nickel, and these particles similarly showed very minor 
light -induced shifts in chronopotentiometric transition 
25 times. As shown in Figure 25 (before light exposure) and 
Figure 26 (after UV light exposure), the 
chronopotentiometric peak transition times were almost 

identical before and after UV treatment. Without being 

• ■ 

bound to a particular theory, this result may be 
3b explained by the underlying nickel reducing or preventing 
the formation of Ag 2 0, perhaps by absorbing the UV 
radiation. 
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in sum, there exists a dramatic diff ere „„ - 
irght sensitivity between conventional pre" p iTa C J" 
salver ohloride and ^ , Uw chloride partHl , 
invention, and this difference is vivia^m 
' Ch " data presented in Figures 21- 26 '"grated by , 

* ■ 

' EXAMPLE? a . 

By definition, a classical refer.., , 
carries only verv small „ reference electrode 

'"y very small currents, it (. „w, 

>» well-defined reference potential „„ 
Potentials are compared, f o r 

silver/silver reZ^^™™"™* , 

retire a large proportion of silver "hWid 
' -etal in order to function as , voltagf ref 
» fact, it is well understood that « T r^'" 0 "- *" 
reference electrode is polarized,' ' 
severely impair to che ^ J~ 

potential is either h.e-sM reference 
the electrode LtabU «•«**«•«»* rendering . 

- • 

" electrode/ ^It",^" 1 -e three 

- electrode he^L^ 
a, a constant value versus tltTthe r £ 

laro. ClM "cal reference electrode, are fairly 

^oi^rLvr - acei" 1 - — - 

reference electrode eont I" „e ^ 
^ing and counter electrodes C ^"77^ 
- and the salt bridge allows for solutZ br4d9e ' 
the passage of ions or solution ^ i""""' "° Z 

~ — — riaiTwhicTt 1 ::: r*sr. 
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become clogged with the high concentration of salts found 
in reference electrode solutions. 

As a consequence of the above factors, classical 

. . ■ * . • * 

v reference electrodes are generally not suitable for 
5 miniaturization or for use in disposable, dry format 
types . of electrochemical cells such as ampe tome trie 
biosensors. Moreover, even if miniaturization was 
possible, wet storage would unnecessarily complicate a 
disposable biosensor. 
3 The silver chloride particles of the present 

invention are useful for the production of an alternative 

* ■ 

to the classical three electrode cell, in which the 
reference and counter electrodes are combined, and. the 
three electrode cell is thus reduced to two electrodes, 
in particular, a silver screen printing ink containing 
the silver chloride particles of the invention may be 
utilized to produce an electrode which can, not only 
maintain a constant electrode potential, but also carry a 
current. In addition, because of. the unique 
characteristics of the silver chloride particles, this 
electrode exhibits superior eiectroreactivity and light 

* * * ■ 

resistance (relative to equivalent concentrations of 
precipitated silver chloride), making it a highly 
desirable material for this application. A 
schematic illustration of an electrode sensor strip 

- 

utilizing a silver chloride particle reference electrode 

is shown in Figures 13 and 14. 

,-"**■* 

- 

- 

Other Embodiments 
Although preferred methods of silver chloride 
particle production are described herein, variations on 
these methods are included within the invention. In one 
particular example, one may carry out the present 
production technique using any particulate starting 
material (for example, any silver or silver-coated nickel 
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particle) , regardless of particle diameter ,' al though for 
use m electrode production, diameters of between 0 l-io 
Mm are preferred, and diameters of between 1-3 am are 
more highly preferred. Treatment of the final product 

5 betW r n X - 5% fUmed silica ' though preferred, may 

be omitted. And, for use in ink formulations, any other 
appropriate silver screen printing ink may be 

substituted. .... 

■ • 

Alterative silver powders may be obtained from 

ZTT p C T n9 ' ^ limited t0 = — Goldsmith. 

Corp., Glens Falls, NY; Aldrich Chemical Co., Milwaukee 

Labs T'V 0 ^- M6talS Gr ° UP ' Piainfie1 ^ **> Ostalski 
Labs, Inc., Patterson, NJ, Potters Industries l„ c 

Parsippany, NJ; Reade Advanced Materials, Riverside' Rl • 
15 and Handy * Harinan, New York, NY. Suppliers of silver ' 
resins include, without limitation- Johnson Mat they . 
Royston. Herts, United Kingdom, Methode Development Co 
Chicago, IL; Electro-Science Laboratories, inc.. King of - 

, 0 L7 9 "r PA; ACheSOn C ° U6idS ' P ° rt MI ; Metech . 

*o Inc., Elverson, PA; Ferro Corp.. Santa Barbara CA- 

DupTc X ' InC * ' Ch6rry Hil1 ' ErCOn ' Walth ^' and 

DuPont Co., Wilmington. DE. Suppliers of silica products 

include Gel tech. Inc., Gainesville pt . n^-.- „ 

s>vll - le ' FL ' Unimxn Specialty 

Minerals, Elco, IL; Agsco Corp wheel inn n 
r „„, _^ « _ . Wfp " "needing IL,- and Degussa 

Corp.. Dublm, OH. Suppliers for silver screen printing 
inks are Methode Development Co.. Chicago, IL; Acheson 
Colloxds Co.. Port Huron, MI ; Metech Inc.. Elverson. PA; 
Telegenix, Inc.. Cherry Hill, NJ, and Ercon. Waltham. MA, 

In addition to silver powders, any silver-coated 
3o core material may be used for silver chloride particle 

production. As described herein, silver-coated nickel 
represents^ alternative, preferred particulate starting 
material; however, otheruseful silver-coated metals 
anclude, without limitation, silver- coated zinc, copper 
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iron, tin, cobalt, aluminum, titanium, and metal oxides. 
In addition, silver-coated plastic particles (for 
example, silver-coated Teflon) may also be utilized in . 
" the invention. Silver coating for any of these core 

* » ■ * * " * 

■ * * 

materials may be accomplished by standard techniques of 

• ■ 

silver deposition (for example, by electro-deposition, 
electroless deposition, or high vacuum deposition) ^ 

To carry out the oxidation step described above, 
treatment with chloride-containing oxidizing agents other 
than hypochlorite may also be utilized. Examples of 
useful agents for this purpose include pyridinium 
chlorochromate (Aldrich 19, 014-4) , chloramine-T (Aldrich 
85,731-9), and chromium (yi) oxide (Aldrich 12,265-3), in 
combination with potassium or sodium chloride* 

Surfactants, although added to the oxidation 
reaction: described herein, may be omitted, or the 
particular surfactant used above may be substituted with 
any equivalent reagent including, without limitation, 
non-ionic, anionic, or cationic surfactants available 
from Fluorad, Fluorochemical Surfactants, St . Paul , MN; 
GE Company, Fairfield, CA; Unocal Chemicals Division, 
Schaumburg, IL; Witco Corp., New York, NY; Henkel Corp., 
Ambler, PA; Cheme tries/. Inc. , Calverton, VA; Aldrich, 
Milwaukee, WI; Olin Corp., Stamford CT; DuPont Co., 

Wilmington DL; Dow Chemical USA, Midland, MI; Rhone- 

• ■ ■ 

Poulenc Surfactants & Specialties, Cranbury, NJ; Monsanto 
Chemical Co., St. Louis, MO; Rohm & Haas Co., 
Philadelphia, PA; and Sigma Chemical Co., St. Louis, MO. 

As noted above, any of the silver chloride 
particles described herein may be used for any purpose 
for which silver chloride is traditionally utilized. For 
example, the particles of the invention may be used in 
any type of electrode, including the novel reference 
electrodes described above as well as electrodes used, 
for example, in electrolytic cells. The silver chloride 
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particles may also be used for other ann , • 

example, in silver chlnw^ PP lCations ' £ °* 

^-lyer ,chlonde emulsions for 

films and papers. or P hot °graphic 

Other embodiments are with, „ ^v, 

withm the scope of the 

- . . ■ ■ 



5 claims. 



What is claimed 



is: 
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Claims .* 

1. Particles cbrriprising cores having silver 
chloride substantially about the external surfaces 
thereof / each of said cores constituting at least 5% of 

- „ . • - * ' • * 

5 each of said particles and being composed of a .material 
other than silver chloride, said particles being 
substantially non-planar in shape and having 

■ * 

substantially rounded edges. 

. ■• . ■ ■ . . .■ • ' ■ • 

. ■ 

2. The particles of claim 1, wherein said core 

■ * 

10 material is silver. 

• f K 

3. The particles of claim 2, wherein said silver 
core constitutes 5-30%, by weight, of each of said 
particles . 

* » » i . * * 

* ■ ■ . * * 

4. The. particles of claim 3 , wherein said silver 
15 core constitutes approximately 20%, by weight, of each of 

said particles. 

■ * 

* 

♦ ■ ■ 

5. The particles of claim 2, said particles 
being less than 40 jim in diameter, 

■ » 

■ 

6. The particles of claim 2, said particles 

■ 

20 being 1-10 in diameter. 

■ .-. . - • ■ 

. - . . • 

... -. ... . . . • 

« * , • 

7. The particles of claim 1, wherein said core 
material is nickel. 

8. The particles of claim 7, said particles 
being spherical . 

■ " • * • 

25 9. The particles of claim 7, wherein said nickel 

■* ' • ■ 

core constitutes approximately 80% of each of said 
particles. 
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10. The particles of claim ! k 

material is an organic m . ' Whetein sa " core 

organic plastic material . 

11- The particles of claim 7 

fe ing less ^ SO lm in d . ane ^- -a Particle , 

5 12 • The particles of claim 7 

being l-io m in diameter. Claim ? ' S3id Particles 

- 

- 

13. The particles of claim i ■ . 

hav ing incriased ele « rore , ct c; r eV at re r* 1 -- : 

. P^ipitated >Uver chloride. " " 

' ► " *"" 

20 14 • The particles of claim i 

having decreased lio^ ' Said P ar ticle S . 

• cuxease a light sensitivity relan-,^ .- 

■ Palpitated silver chloride. ^ t0 

15. An ink consistinq essenHaii,, c 
which comprise e orp C k - essentially of particles 

15 about the S tern Ts U T 1 " 9 ^ 

constituting a t leas ^ ' ^ ° f ** id 

Particles and 7 W619ht ' ° f each of ^id 

in -Pe and ^ su^,, 

16. The ink of claim 15 W her P , ; n 
material i s silver. ^. wherein said core 

I 7 - The ink of claim 15, wherein 
material is nickel. herein said core 



WO 98/03431 . PCI7US97/12371 



- 36 - j 

18. the ink of claim 15 , said particle 
concentration being between 5-40%, by weight, of said ink 
formulation. 

19. The ink of claim 15, said particle 

5 concentration being approximately 20%, by weight, of said 

ink formulation. 

• . ■ - * . 

20. Ah electrode consisting essentially of 

• * * * * 

particles which comprise cores having silver chloride 
substantially about the external surfaces thereof, each 
10 of said cores constituting at least 5% of each of said 
particles and. composed of a material other than silver 
chloride, said particles being substantially non- planar 
in shape and having substantially rounded edges* 

21. A composition of matter consisting . 

15 essentially of particles, each particle comprising a core 
having silver chloride substantially about the external 
surf ace thereof , said core constituting at least 15% of 
$aid particle and composed of a material other than 
silver chloride, said particles being substantially non- 
20 planar in shape and having substantially rounded edges, 
and said particles being substantially uniform in size. 

22. A method of making particles comprising cores 
having silver chloride substantially about the external 
surfaces thereof, said method comprising oxidizing all or 

25 a part of the outer, silver portion of a silver or 

silver-coated particulate starting material by treatment 
with a chloride-containing oxidizing compound. J 

23 . The method of claim 22 , wherein said 
particulate starting material is spherical in shape. 
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24. The method of claim 22. wherein e „ 
particulate starting material co™'- rei " Said • 

131 com P^ses silver particles. 

25 • T " e lreth °J of claim 22, wher.it, 
s metal particles. llver " coated 

26. T he method of claim 25, wherein 
particulate starting material mm n • ^ 
nickel particles. composes silver-coated 

.' . - 

" " ■ ■ • • ■ 

27. The method of, claim 22, wherein = 

io chloride- containina „v^- • ' wher «n sai d 

' 9 oxldlz «9 compound is '«rJn\- 

hypochlorite. sodium 

■ 

. 28. The method of claim 27, wherein „--^ 

hypochlorite is used • • herein said sodium 

water. ^ 3 conce ^ation of 5.20% in 



method of Hh^ ^ ' ■ ' 
hypochlorite is used at / "herein said sodium 

used at a concentration of 10% in water. 

30. The method of rlaim n>i 

31 * The method of Haim 0> . 
*> Particles are in th. f ^ 24 ' whe rein said silver 

are m the form of a dry silver powder. 

32. The method of claim 24. wherein n 

~«^: £ormo£ a - -7: 
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33. The method of claim 32, wherein said silica 

■ • 

» * * * 

is fumed silica used at a concentration of approximately 

» < 

4%. 

- 

34. The method of claim 22, wherein said 

5 oxidizing step is carried out in the presence of a 
surfactant . 

* * * * 

35. A particle comprising a core having silver 
chloride substantially about the external surface thereof 
produced by the method of oxidizing all or a part of the 

10 outer, silver portion of a silver or silver-coated 
particulate starting material by treatment with a 
chloride -containing oxidizing compound. 
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